Abstract: This work proposes a method for determination Cu(II) concentrations, based on the formation of a copper-1-nitroso-2-naphthol complex, in the presence of micelles; formed by a triblock copolymer, made up of two blocks of polyethylene oxide (PEO), and one block of polypropylene oxide (PPO). The insoluble copper complexes, are concentrated inside the hydrophobic micelle core; formed by the PPO block. For a solution containing 0.200 mg L -1 Cu(II), the proposed method had a relative standard deviation of 2.0% (n = 3); an absolute error from 0.11 to 0.39 mg L , respectively. We show that there is excellent agreement, between the results obtained using our novel method; and those obtained using flame atomic absorption spectrometry: In the determination of Cu(II) concentrations, in Brazilian sugar-cane spirits. The proposed method, is the first to apply macromolecular micelle systems, to the determination of copper concentrations; and improves upon the results obtained using molecular surfactants. This method is environmentally friendly (since it does not use any organic solvents for extraction), and the triblock copolymer is biodegradable and non-toxic. Sp. z o.o. 
Introduction
Copper is an abundant trace-element, and can be considered an essential nutrient, or a toxic substance; depending on its concentration [1] . The difference between toxic and essential copper concentrations is small, especially for copper metal. Thus, analytical determination of copper concentrations is of the utmost importance; for protection of both human health, and the environment. As a result, many methods have been developed for copper concentration determination.
Previously published methods to determine copper concentrations, include the use of several analytical techniques, such as flame and graphite furnace atomic absorption spectrometry (FAAS and GFAAS) [2] [3] [4] , inductively coupled plasma (ICP) with various detectors [5, 6] , voltametry [7, 8] , spectrophotometry [9] , and potentiometry [10] . AAS and ICP, are the most selective and sensitive techniques for copper concentration determination. However, these techniques are expensive, and have high operation and maintenance costs. Voltammetry has also been proven to be a very sensitive method, but its applicability is reduced by several matrix interferences. Because of these limitations, UV-visible spectrophotometry techniques have been proposed; as low cost, sensitive, and easy alternatives. In the spectrophotometry methodology, Cent. Eur. J. Chem. • 8 (2) • 2010 • 258-263 DOI: 10.2478/s11532-010-0008-0 the reagent 1-nitroso-2-naphthol (1N2N), forms stable and highly coloured complexes with several metal ions; including Cu(II) [11] . However, these complexes are not soluble in aqueous media, so it is necessary to perform a solvent extraction. In most studies involving these complexes, the extraction has been carried out with chloroform; which is a carcinogenic agent [12] [13] [14] [15] . In order to overcome this problem, several methods exploiting the high solubility properties in micellar systems have been proposed [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . In these methods, a surfactant is added; to increase the miscibility of water-insoluble ligands; and to allow for direct spectrophotometric determination, of copper concentrations in aqueous-micellar media (without the need to perform a solvent extraction). The efficiency and specificity of the methods, depend on the chemical nature of the surfactant.
In this work, we used a novel water-soluble surfactant; a copolymer (denoted P123), that is formed by poly (ethylene oxide) (PEO); and poly (propylene oxide) (PPO) blocks. This nonionic linear macromolecule, has a well-defined composition, molecular weight, and structure; and is represented by the formula (EO) 20 (PO) 69 (EO) 20 . In addition, it is a low-cost, biocompatible, and environmentally safe compound. The advantage of this macromolecular system, compared to other non-polymeric surfactants; is an increase in the micellar cavity size, which leads to an increase in the hydrophobic character of the copolymer system. In turn, this increase allows for a greater solute content; inside the micellar core [27] . Additionally, micellar systems formed by triblock copolymers; have the advantage of presenting a negligible absorbance in the ultraviolet (UV) region.
The aim of this work, was to develop a comprehensive methodology; to determine Cu(II) concentrations, using a micellar medium composed of a triblock copolymer (instead of using an organic solvent). This strategy is compatible, with the green chemistry approach; since copolymers are biodegradable and nontoxic. The method was specifically applied, to the determination of copper concentrations; in Brazilian sugar-cane spirits (an alcoholic beverage made from fermented sugar-cane juice that has been distilled); to demonstrate its efficiency. The official method for copper concentration determination, in sugar-cane spirits; is a spectrophotometric method, that uses the diethyldithiocarbamate in amyl alcohol. However, this method is environmentally hazardous; because of the large amount of organic solvent used [9] .
Experimental Procedure

Instrumentation
A Varian (Sydney, Australia) Model Spectra-200 atomic absorption spectrophotometer; equipped with a copper hollow-cathode lamp, as the radiation source; was used for determination of copper concentrations. The operating conditions were; a wavelength of 324.7 nm, a resolution of 0.5 nm, an air-acetylene flame (air and acetylene flow rates 13.5 and 1.70 dm 3 min -1 , respectively), and a burner height of 9.5 mm).
A Hitachi UV-Vis spectrophotometer (Tokyo, Japan), model U-2000 equipped with a thermostated quartz cell (1.00×1.00×3 cm), and a slit aperture of 2.0 nm; was used for copper concentration determinations by the proposed method.
A Milli-Q II water deionizer (Millipore Corporation, Billerica, MA, USA) was used for the final purification of distilled water.
The pH measurements were performed with a combined glass electrode using a digital pH meter (DIGIMED, model DM-20, São Paulo, Brazil).
A Microquímica bath (Palhoça, Brazil), with an uncertainty of ± 0.1 K; was used to maintain a temperature of 298.15 K in all experiments.
Reagents and solutions
The poly(ethylene glycol)-block-poly(propylene glycol)-block-poly(ethylene glycol) copolymer (P123 or (EO) 20 5H 2 O (Carlo Erba, Italy), and standardised by one of the usual methods [28] .
2.00 mol L -1 HCl and 0.500 mol L -1 NaOH; were used for pH adjustments.
The ethanol solvent (Merck, Darmstadt, Germany), was used for determination of Cu(II) concentrations by FAAS. The concentrations of the reference solutions, ranged from 0.100 to 1.00 mg L -1 . All reagents were of analytical-grade; deionised water (R ≥ 18 MΩ cm -1 ) was used for all experiments.
Application of a macromolecular micellar system formed by the P123 triblock copolymer for determination of copper concentrations
Copolymer concentration effect
An Fig. 1 shows typical UV-Vis spectra, obtained for 1-nitroso-2-naphthol (curve 1); and the copper-1-nitroso-2-naphthol (Cu1N2N) complex (curve 2). Both compounds dissolved; in a 10.0 % (w/v) P123 aqueous solution. Because both molecules are water insoluble, we can conclude that they are located inside the hydrophobic cores, of the micelles present in the aqueous copolymer solutions. The spectra showed absorbance maxima at 391 nm and 490 nm, for the Cu1N2N complex; and at 374 nm for 1N2N. It is interesting to note the similarities between our data, and the spectra obtained in chloroform (curves 3 and 4); demonstrating that the micellar core, and the organic solvent, produce a similar microenvironment for both 1N2N and Cu1N2N. A diluted macromolecular solution (P123 10.0% (w/v)), was used for this analysis; because more concentrated P123 solutions scattered too much light. Initial measurements were performed at two wavelengths; 391 and 490 nm. The absorbance maximum at 490 nm was chosen for the analysis, because the signal-to-blank ratio was the highest at this wavelength.
Influence of pH on complex formation
Results and Discussion
Copolymer concentration effect
It was shown In a previous work [29] , that all three triblock copolymers (L35, P123 and F68); could be successfully used for spectrophotometric determination of copper; but the best absorbance signals, were obtained for the P123 copolymer. The higher absorbance signal observed for the P123 solution, could be attributed to its comparatively better ability; to enhance the aqueous solubility of 1-nitroso-2-naphthol, which is otherwise only sparingly soluble in water. This increase in solubility, occurs because the micellar cores of the block copolymer micelles; can serve as compatible microenvironments, for water-insoluble molecules. It is well know that at 298.15 K; the critical micellar concentration (cmc), of an aqueous P123 solution; is 0.17% (w/v). But surprisingly, the amount of Cu1N2N solubilised at this temperature; was very low, in solutions below 10.0% (w/v). This low solubility, is probably due to the low concentration; of macromolecular aggregates present in the solution [30] . However, an increase in the Cu1N2N concentration, occurred at 10.0% (w/v). This increase is mainly due, to an abrupt increase in the number of micelles; which caused an increase, in the amount of Cu1N2N molecules; dissolved in hydrophobic microenvironments. Neither the solubility nor the molar absorptivity (9.07×10 3 mol L -1 cm -1 ), of Cu1N2N changed significantly at higher copolymer concentrations; which, together with the increase in light scattering associated with higher concentrations, prompted us to use a P123 concentration, of 10.0% (w/v) throughout our study.
Influence of pH on complex formation
Fig . 2 shows the pH influence on metal complex absorbance; in an aqueous 10.0% (w/v) P123 solution.
Copper complex formation, in the copolymer micellar system; showed a large dependence on the system pH, with a higher absorbance in the pH range 4-5. This result contrasts with the finding of Yun and Choi [11] , who found (when examining the effect, of pH on the absorbance of the Cu1N2N complex; in a tween 80 micellar solution) that complex formation, was independent of the hydrogen ion concentration.. These different pH effects corroborate the view, that the chemical nature of the surfactant used; has a strong influence on the behaviour of a complex's absorbance [31] . To increase the sensitivity of our method, all subsequent studies were carried out at pH 5.0. This pH is also relevant, because the hydrogen ion concentration of the sugar-cane spirit samples; was around 1.0×10 -5 mol L -1 . The results shown in Fig. 2 , can be attributed to the influence of the hydrogen ion concentrations; on the thermodynamic stability of the complex. It is evident from Eq. 1, that an increase in pH; promotes complex formation [32] .
To study the influence, of the alcohol concentration on the pH effect; the procedure described above, was repeated using an ethanol/water mixture as the solvent. Three different ethanol-to-water ratios were tested; 10.0, 30.0, and 50.0 v/v. The influence of pH on complex formation, was independent of alcohol content.
Copper concentration determination in sugar-cane spirit samples
In order to test the reliability of the proposed method, it was applied to the determination of cooper concentrations, in 12 commercial sugar-cane spirit samples. The copper concentrations (determined using the proposed method), were compared with those obtained, by flame atomic absorption spectrometry. Sugar-cane spirit samples, were analysed directly; without pretreatment by standard addition method. The results presented in Table 1 , indicate that the proposed method; can be used to determine the concentration, of Cu(II) in Brazilian sugar-cane spirits. A t-test (95% confidence level) was applied, and did not show significant differences between the two methods. Additionally, the proposed method had good accuracy (absolute error varied from 0.11 to 0.39 mg L -1 ). and 144 mg L -1 , respectively. These merit figures, demonstrated that the proposed method; can be successfully applied to determination of Cu(II); because the Brazilian Ministry of Agriculture has established, the maximum copper concentration; which is not allowed to be higher than 5 mg L -1 [34] . The proposed method is environmentally friendly, low-cost, simple, and easy to complete in any standard chemistry laboratory. A comparative evaluation, of the newly developed method and other methods reported in the literature for copper concentration determination; was completed. Table 2 highlights the advantages of the new method: it covers a broader concentration range, has a larger correlation coefficient, and requires less surfactant. In addition, the method presented herein; shows a high molar absorptivity, for the copper complex.
Conclusion
The proposed method is simple, low-cost, and environmentally friendly; and is easily run, in any standard chemistry laboratory. The green chemistry method developed, demonstrats the suitability of a triblock copolymer; as a micellar medium, for determination of Cu(II) concentrations; using 1N2N as the extracting agent. A precision of 2%, and an absolute error lower than 0.38 mg L -1 ; were obtained. The method also shows, that it is possible to determine copper concentrations; using environmentally-friendly reagents. 
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